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RESUMO  
Os objetivos deste estudo foram avaliar a Resistência à Flexão (BFS), Microdureza 
Knoop (KHN), Tensão de Polimerização (PSS), Adaptação Interna (IAG) e Resistência 
de União à Dentina (DBS) de um compósito convencional e cinco materiais resinosos 
do tipo bulk-fill. Seis compósitos foram testados: uma resina composta convencional 
(Filtek Supreme Ultra) e cinco materiais resinosos do tipo bulk-fill: dois compósitos de 
consistência regular  (Tetric EvoCeram Bulk Fill e Opus Bulk Fill), um composito de 
dupla ativaçāo de baixa viscosidade (Fill-Up!), um material bioativo (Activa BioActive 
Restorative) e um material híbrido de resina e ionômero de vidro (Equia Forte Fill). Para 
BFS, discos (0,5 mm de espessura) fabricados utilizando oito moldes simularam a 
profundidade de polimerização de 4 mm. Para KHN e IAG, preparos padronizados 
Classe I foram realizados em molares extraídos e as cavidades restauradas com os 
materiais e respectivos adesivos. Após o armazenamento, as restaurações foram 
seccionadas transversalmente, uma metade foi usada para o teste de KHN em quatro 
profundidades e a outra foi analisada em microscopia eletrônica de varredura (MEV). A 
PSS foi determinada por um extensômetro associado à máquina de ensaio universal 
(n=5). Para o teste DBS, foi realizado um preparo cavitário Classe I padronizado, os 
dentes preparados foram restaurados (n=10) e cortados em palitos. Os dados foram 
analisados estatisticamente pelaANOVA 1-fator (PSS e IAG) e 2-fatores(BFS, KHN e 
DBS) e teste de Tukey (α= 0,05). BFS apenas para o Activa BioActive Restorative e 
Opus Bulk Fill reduziu com o aumento da profundidade. O Equia Forte Fill apresentou o 
menor valor para BFS, independentemente da profundidade. Filtek Supreme Ultra 
apresentou o maior valor de BFS na base. A profundidade afetou a KHN para Fill-Up! e 
Tetric EvoCeram Bulk Fill. Filtek Supreme Ultra e o Equia Forte Fill não apresentaram 
diferenças estatísticas em todas as profundidades. O Activa BioActive Restorative 
apresentou os menores valores de KHN entre os materiais, independentemente da 
profundidade. Para o PSS, o Equia Forte Fil mostrou os valores mais baixos e a Fill-Up! 
mostrou osmais altos, mas não estatisticamente diferentes da Filtek Supreme Ultra e da 
Opus Bulk fill. O IAG foi menor para o Tetric EvoCeram Bulk fill, o Opus Bulk fill e o 
Activa BioActive Restorative. DBS reduziu significantemente comFiltek Supreme Ultra, 
Opus Bulk Fill and Fill-Up! após 1 ano de armazenamento. A profundidade pode afetar 
a BFS e a KHN dos materiais bulk-fill, mas os resultados dependem do tipo de material 
testado. Os resultados de IAG, PSS e DBS variaram entre os materiais do tipobulk-fille 
foram também dependentes da composição e tipo de material. O compósito 
convencional não mostrou propiedades físicas superiors que os materiais do tipo bulk-
fill. 
Palavras-chave: Resinas Compostas. Polimerização. Resistência de Materiais. Dureza.  
 
 
 
ABSTRACT 
The aims of this study wasto evaluate Flexural Strength (BFS), Knoop Microhardness 
(KHN), Polymerization Shrinkage Stress (PSS), Internal Adaptation and Gap Formation 
(IAG) and Dentin Bond Strengt (DBS) of one conventional and five resin-based bulk-fill 
materials. Six composites were tested: a conventional (incremental placement) 
composite resin (Filtek Supreme Ultra) and five resin-based bulk-fill materials: two 
packable composites (Tetric EvoCeram Bulk Fill and Opus Bulk Fill), onelow viscosity 
dual-cure composite (Fill-Up!), one bioactive material (Activa BioActive Restorative) and 
one resin-glass ionomer hybrid material (Equia Forte Fill). For BFS, discs (0.5 mm thick) 
were fabricated using a set of eight molds, to simulate polymerization depth of 4 mm. 
For KHN and IAG, a standardized Class I preparation was made in extracted molars and 
the cavities were filled with the materials. After storage, restorations were cross- 
sectioned and one half KHN wasmesasured at four depths and the other half was 
analyzed in scanning electron microscopy (SEM). PSS was determined using composite 
bonded to acrylic rods attached to a universal testing machine (n=5).For the DBS test, 
standardized class I cavities were preparated andfilled with the restorative material and 
its respective bonding agent (n = 10) and cut into sticks-shaped specimens to be 
tested.Data were statistically analyzed by two- (BFS, KHN and DBS) and one-way (PSS 
and IAG) ANOVA and Tukey post-hoc test (alpha of 0.05). BFS only for Activa BioActive 
Restorative and Opus Bulk Fill reduced following the increase depth. Equia Forte Fill 
presented the lowest BFS, regardless the depth.Filtek Supreme Ultra showed the 
highest BFS value at the bottom (4mm). Depth affected the KHN for Tetric EvoCeram  
Filland Fill-Up!.Filtek Supreme Ultra and Equia Forte Fill showed no statistical 
differences for all depths. Activa BioActive Restorative presented the lowest KHN values 
among materials, regardless depth. For PSS, Equia Forte Fil showed the lowest values 
and Fill-Up! showed higher values but not statistically different from Filtek Supreme Ultra 
and Opus. IAG was lower for Tetric EvoCeram Bulk Fill, Opus Bulk Fill and Activa 
BioActive Restorative. DBSsignificantlydecreased after 1-year storage for Filtek 
Supreme Ultra, Opus Bulk Fill and Fill-Up!Depth can affect BFS and KHN of bulk-fill 
restorative materials, but the results depend on the type of bulk-fillcompositie tested. 
IAG, PSS and DBS results varied among bulk-fill materials and were also composition- 
and material-dependent. The regular composite did not show higher physycal properties 
than the bulk-fill materials. 
Key words: Composite Resins. Polymerization.Material Resistance.Hardness. 
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1  INTRODUÇĀO 
 As resinas compostas convencionais, que são inseridas nas cavidades pela 
técnica restauradora incremental, assim como o amálgama, estāo sujeitas a se 
tornarem obsoletas, visto o desenvolvimento de novos  materiais restauradores que 
apresentam melhor performance e de fácil uso em Odontologia. Aprocura pelo material 
ideal  fez com que os materiais restauradoresdo tipo bulk-fill ou de incremento único 
fossem desenvolvidos. Desde o seu lançamento até os dias de hoje,  esse tipo de 
material restaurador passou e tem passado por um desenvolvimento e aprimoramento 
substancial (Pfeifer et al., 2017). Entre eles pode-se citar formulações de baixa e alta 
viscosidade, e também subcategorias, tais como: compósitos de dupla polimerização, 
compostos bioativos e materiais resinosos híbridos (Reis et al., 2017), sendo que a 
característica comum entre eles é o tamanho do incremento que pode ser inseridona 
cavidade. 
 A medida que o volume do incremento aumenta, a transmissão da luz e a 
profundidade de cura também devem aumentar para garantir a polimerização 
adequadana base da restauração. Além disso, a contração e a tensão de polimerização 
devem diminuir para nāo injuriar os tecidos dentais adjacentes e causar desadaptações 
marginais. Em termos do grau de conversão esse pode ser afetado pela composição do 
material (fotoiniciadores, partículas de cargas e matriz orgânica) (Amirouche-Korichiet 
al., 2009), pelascaracterísticas da fotoativaçāo, tais como,irradiância, espectro de 
emissāo, diâmetro da ponta, modo de cura e tempo de exposição(Torno et al., 2008), 
pelo período pós-irradiação (Alshali et al., 2014), pela temperatura (Dionysopoulos et 
al., 2015; Par et al., 2014) e pela espessura incremental do material (Flury et al., 2014).  
 Desse modo, quando se utiliza resinas do tipo bulk-fill para realizar 
restaurações, duas preocupações tem ganhado destaque da comunidade científica. A 
primeira é a polimerização deficiente nas camadas mais profundas da restauração, o 
que pode levar a desadaptações marginais entre as paredes da cavidade e o material 
restaurador, levando à  formaçāo cáries secundárias, uma das principais causas falhas 
de restaurações resinosas. A segunda seria o grande volume de material restaurador 
inserido em incremento único que maximiza o efeito da tensão da contração desse nas 
paredes cavitárias. Por serem incrementos que unem paredes do preparo cavitário, 
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relação direta com fator-C (Van Ende et al., 2013), estes materiais devem apresentar 
baixa contração volumétrica e baixa tensāo de polimerização, para evitara deflexão de 
cúspide (Singhal et al., 2017), a fratura do esmalte dental, a ruptura da união dente-
adesivo-material restaurador, que leva à desadaptação marginal(Van Ende et al., 2012). 
 Sendo assim, os materiais sāocomposição-dependentes (Benetti et al.,2015), 
ou seja, os componentes de sua formulaçãoque direcionam o comportamento em 
relação ao escoamento do material, profundidade de cura, contração gerada na 
polimerização, adaptação na cavidade, resistência as forças mastigatórias e, inclusive, 
na estética. Diferentes materiais restauradores buscam se adequar ao conceito bulk-fill, 
com formulações distintasdo que já foi considerado convencional. Exemplos dessas 
propostas diferentes de materiais presentes no mercado sāo: a resina de baixa 
viscosidade de dupla polimerização (Fill-Up!, Coltène/Whaledent AG, Altstätten, Suíça), 
o material resinoso com princípios bioativos (Activa Bioactive Restorative, Pulpdent 
Corp. Watertown, MA, EUA) e o material híbrido compostos de parte resinosa e outra 
ionomérica (Equia Forte Fill, GC Corp. Tóquio, Japāo). O que destaca esse materiais e 
amodificação química que visa a melhoria da polimerização de incrementos com  
grande volume e espessura, liberação de fluoretos e outros íons, como cácio e fosfato,  
na interface dente-restauraçāo, além da possibilidade de melhor biocompatibilidade 
com o tecido pulpar.  
 No entanto, é necessário realizar testes que avaliem as propriedades desses 
materiais previamente à sua ampla utilização na Odontologia Restauradora. Assim 
sendo, a avaliaçāo das características físicas desses materiais devem ser realizadas, 
principalmente, por meio de testes mecânicos como o de microdureza, de microtração, 
tensão de contraçāo de polimerizaçāo e de resistência à flexão, pois esses podem 
demonstrar ao clínico como as restaurações realizadas com materiais do tipo bulk-fillse 
comportarão na cavidade oral e se esses preenchem todos os requisitos necessários 
para terem, sob função, o desempenho adequado. É valido ressaltar que o teste de 
microdureza, tanto Knoop quanto Vickers, tem adequada indicação na avaliação da 
extensão de polimerização dos materiais resinosos, principalmente em profundidade 
(Reiset al, 2017). Assim como o teste de microdureza, o teste de resistência à flexāo e 
de tensão de contraçāo de polimerizaçāo avaliam características propriamente do 
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material, ou seja, a capacidade de resistir as forças geradas durante a mastigação e de 
alteração de volume pós-cura e seus efeitos, respectivamente. Já o teste de 
microtração, avalia a capacidade de adesão às estruturas dentais mineralizadas. 
 Frenteao aumentodo número de materiais resinosos do tipo bulk-fillque surgem 
comcomposições alternativas,existe a necessidade de realização de pesquisas tanto in 
vitro quanto in vivo para caracterização dessas novas formulações  (Van Ande et al,  
2017),quanto às  indicações, limitações na polimerização e instruções de uso.Este 
estudo teve como finalidade avaliar as propriedades físicas de cinco materiais 
restauradores do tipo bulk-fill, em comparaçāo com uma resina de aplicação 
incremental. 
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Abstract 
Objective:To evaluate Flexural Strength (BFS) and Knoop Microhardness (KHN) of one 
conventional and 5 five resin-based bulk-fill materials. Material and Methods: A 
conventional (incremental placement) composite resin (Filtek Supreme Ultra, 3M Oral 
Care) and five resin-based bulk-fill materials: two packable composites (Tetric 
EvoCeram Bulk Fill, Ivoclar Vivadent, and Opus Bulk Fill, FGM Prod. Odontol.), one low 
viscosity dual-cure composite (Fill-Up!,Coltène/Whaledent AG), one bioactive material 
(Activa BioActive Restorative, Pulpdent Corp.) and one composite-glass ionomer hybrid 
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material (Equia Forte Fill, GC Corp.) were tested. Conventional composites and bulk-fill 
materials were placed and light-activated according to the manufacturer’s instructions. 
For BFS, the materials were applied to eight stacked molds (0.5 mm in thickness x 6.0 
mm in diameter) and then light-activated (n=10). After the storage in the dark in an 
incubator maintained at 37°C ± 1°C and 100% humidity for one week prior to BFS 
determination, the discs obtained were submitted to a piston-ring biaxial test in a 
universal testing machine (1.27 mm per minute; model 5844, Instron). For KHN, 
standardized Class I preparations were made in extracted molars and the cavities were 
filled with the materials (n=5). After storage for one week at 37◦C in distilled water, 
restorations were cross- sectioned and evaluated at four depths (1, 2, 3, and 4 mm) in a 
microhardness tester (HMV 2000, Shimadzu) with a Knoop diamond indenter was used 
to apply a static load of 50 g (0.98 N) for 5 seconds to each composite surface. For BFS 
and KHN, data was analyzed by 2-way ANOVA and Tukey’s post-hoc test (=0.05). 
Results:BFS only for Activa BioActive Restorative and Opus Bulk Fill reduced following 
the increase depth. Equia Forte Fill presented the lowest BFS, regardless the depth. At 
the top (0.5 mm) and intermediate depth (2.0 mm) Filtek Supreme Ultra and Activa 
BioActive Restorative showed higher BFS, while at the bottom (4 mm) only Filtek 
Supreme Ultra showed the highest value. Depth affected the KHN for Tetric EvoCeram 
Bulk Filland Fill-Up!.Filtek Supreme Ultra and Equia Forte Fill showed no statistical 
differences for all depths and between them. Activa BioActive Restorative presented the 
lowest KHN values among materials, regardless depth. Conclusion: In general, the 
conventional composite and the hybrid material respectively showed the highest and the 
lowest values ofBFS regardless depth, moreover, they presented higher KHN for all 
depths when compared to other bulk-fill materials. However, not all materials evaluated 
seemed to adequately polymerize at depth of 4 mm. 
 
Keywords: Flexural strength, Knoop Microhardness, Composite, Bulk-fill Composites, 
Incremental Layering Technique. 
 
1. Introduction 
Aesthetic restorative materials have been widely used in the day-to-day dental 
clinic. Among them, the most commonly used to restore or improve the aesthetics of 
teeth are the composite resins. Although these materials represent a category of 
products clinically acceptable, several concerns still persist with respect to the 
volumetric shrinkage and the polymerization stress generated by this type of restorative 
material (Fronza et al., 2015; Hirata et al., 2015). When composite resins are in their 
conventional version, it is intended to realize the oblique incremental technique with the 
optimum thickness of increment of up to 2 mm to ensure high monomeric conversion of 
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the portion of the placed composite (Ferracaneet al., 2011) and to avoid the negative 
effects of configuration cavity factor (Tauböck et al., 2018). 
The dental material companies have been increasingly dedicated to the 
innovation of materials based on composite resin, mainly in the development of 
composites with minimal polymerization shrinkage. In recent years, low polymerization 
shrinkage of composites have been indicated for single increment application and may 
have fluid consistency for use as a base or "artificial dentin", and also in a regular 
consistency for use throughout the restoration. These new resin materials are known as 
bulk-fill composites (Fronza et al., 2017) and have as main advantage the possibility of 
insertion of increments up to 4 mm thick without damaging their physical properties. 
Theoretically bulk-fill composites should provoke less polymerization shrinkage 
and lower volumetric contraction when compared to the conventional composite resin 
composites. In addition, its use implies a shorter clinical time of procedure, which is also 
a positive point for the use of this type of material (Benetti et al., 2015). In addition to 
light-activated materials, bulk-fill resin may also have dual activation (light- and self-
curing) to ensure polymerization of the material in deeper portions of the cavity 
preparation. Another type of bulk-fill restorative material are the hybrids, which combines 
the properties of glass ionomer cements and composite resins. A "bioactive" restorative 
composite is also indicated to be applied in a single increment and its innovation is 
related to the absence of traditional monomers of composite resins, such as Bis-GMA, 
but with releasing of ions such as fluoride, calcium and phosphate. 
A number of commercial composites were tested for bulk-fill purposes and the 
results showed that in some chemical and mechanical aspects some bulk-fill resins 
tested did not differ from the conventional composite resin and in other evaluations 
showed better results (Fronza et al., 2015). In this way, it is valid to compare the 
categories of resinous materials (flow consistency, dual light curing, hybrid material and 
bioactive material) of this bulk-fill class in order to have more information about their 
indication, characteristics and physical properties. 
The purpose of this study was to evaluate the effect of composite depth on biaxial 
flexural strength (BFS) and Knoop microhardness (KHN). The following null hypotheses 
were tested: (1) no differences would be observed in the BFS or KHN values at the 
  
17 
different depths for the conventional and bulk-fill materials; (2) BFS would be not higher 
forincremental conventional composite resin compared to bulk-fill composites, (3) 
KHNwould also not be higher forincremental conventional composite resin compared 
tobulk-fill compositesand (4) there would not be significant correlation between BFS and 
KHN. 
 
2. Material and Methods 
2.1 Material 
 Six restorative systems were evaluated: a regular (incremental placement) 
composite resin was used as a control (Filtek Supreme Ultra, 3M Oral Care, St. Paul, 
MN, USA) and five resin-based bulk-fill materials were tested (Table 1). Bulk-fill 
materials comprised two packable composites (Tetric EvoCeram Bulk Fill, Ivoclar 
Vivadent, Schaan, Liechtenstein and Opus Bulk Fill, FGM Prod. Odontol.,Joinville, SC, 
Brazil), one dual-cure composite (Fill-Up!, Coltène/Whaledent AG, Altstätten, 
Switzerland), one bioactive material (Activa BioActive Restorative, Pulpdent Corp., 
Watertown, MA, USA) and one composite-glass ionomer hybrid material (Equia Forte 
Fill, GC Corp., Tokyo, Japan). 
 
2.2 Methods 
2.2.1 Biaxial Flexural Strength 
Disc-shaped specimens (n = 10) of approximately 0.5 mm thickness and 6.0 mm 
in diameter were fabricated using a set of eight Teflon molds that were stacked upon 
each other. A metal device was used to hold the eight composite-filled, Teflon molds 
together. For each 0.5-mm thick specimen, a Mylar strip was positioned on the bench 
top, and the empty mold was placed on top. The mold was then slightly overfilled with 
uncured composite paste, and then covered with a second acetate strip. Vertical 
pressure was applied to force the material to conform to the confines of the mold 
dimensions, as well as to extrude excess material. The filled Teflon mold was then 
placed into the holding jig, using the two vertical metal guides to precisely position it. A 
second mold was then placed on top of the Mylar strip of the previously filled specimen, 
was filled with composite, another Mylar sheet placed, and vertical pressure applied. 
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This process was continued until a total of 8 such molds had been stacked, with a total 
thickness of 4 mm, but such that the “cylinder” could be disassembled after light curing 
from the top, into separate 0.5-mm thick increments. Once all the wafers were stacked, 
the bulk-fill composite stack was photo-cured using the LED-curing light (1,060 
mW/mm2,Valo, Ultradent Products Inc., South Jordan, UT, USA), with the distal end of 
the light guide touching the acetate-covered surface of the top-most wafer. This process 
is similar to that performed in previous study (Fronza et al., 2017). For Filtek Supreme 
Ultra, four molds were filled and light-cured. Afterwards, remaining four molds were also 
filled and again light-cured. Thus, for this conventional composite, the incremental 
technique of 2 mm thick was simulated. 
Composite discs were removed from the molds and their dimensions were 
measured using a digital micrometer (6 digit precision, MDC-Lite, Mitutoyo Corporation, 
Kanagawa, Japan). The discs were stored in the dark, in an incubator maintained at 
37°C ± 1°C at a relative humidity for one week prior to biaxial BFS determination. Each 
disc was individually placed into a custom-made jig and subjected to the piston-on-ring 
biaxial test,using a universal testing machine (Model 5844, Instron Corporation, Canton, 
MA, USA), at a crosshead speed of 1.27 mm/min, until failure. The maximum load at 
failure was recorded for each specimen, and the BFS was determined using the 
following formula: 
BFS = − 0.238 x 7P (X–Y)/b2,  
where, BFS is the maximum tensile stress, P is the total load at fracture (N), b is the 
specimen thickness (mm) and:  
 
X = (1 + v)ln(r2/r3)2 + [(1 − v)/2](r2/r3)2,  
Y = (1 + v)[1 + ln(r1/r3)2] + [(1 − v)(r1/r3)2],  
 
wherevis Poisson’s ratio (0.25), r1 is the radius of the support circle (mm), r2 is the 
radius of the loaded area (mm) and r3 is the radius of the disc (mm). 
 The BFS values were calculated using software (SRS Biaxial Testing Software, 
Instron Corp.) and expressed in MPa. Data were subjected to split-plot two-way 
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(material and depth) ANOVA using SAS 9.3 Software. Tukey’s post-hoc tests were 
performed to detect significant differences among the groups, using a pre-set alpha of 
0.05 
 
2.2.2 Knoop Microhardness  
 Thirty freshly extracted, caries-free, human third molars were collected and stored 
in an aqueous, 0.2% thymol solution at 4◦C, to minimize bacterial contamination, for up 
to 3 months after extraction. The teeth were obtained and used in accordance with a 
previously approved protocol (No.CAAE:73430517.8.0000.5418  ) from the Research 
Ethics Committee of Piracicaba Dental School, State University of Campinas, 
Piracicaba, Brazil. Tooth cusps were abraded using silicon carbide abrasive paper (grits 
No. 320 and 600) in order to obtain a flat enamel occlusal surface. Standardized Class I, 
box-shaped preparations were made using a standard preparation machine (Marcelo 
Nucci, São Carlos, SP, Brazil) that provided a mesio-distal width 4.0 mm, a bucco-
lingual width 3.0 mm, and a depth of 4.0 mm, having a C-factor of 5.7 and an 
approximate volume of 48 mm3. A periodontal probe was used to verify preparation 
dimensions during fabrication. Preparations were made using regular and fine diamond 
burs (# 3145 and 3145FF, respectively, KG Sorensen, Cotia, SP, Brazil) in a high-speed 
handpiece (Kavo, Joinville, SC, Brazil) with water-cooling. All preparation cavo-surface 
margins were surrounded by enamel. The prepared teeth were divided randomly into 6 
groups (n= 5), according to the restorative system and filling technique (bulk-filling or 
incrementally). 
Specific adhesive systems corresponding to each commercial composite were 
applied following manufacturer instructions. These restorative systems (composite / 
adhesive) were: Filtek Supreme Ultra / Scotchbond Universal, Tetric EvoCeram Bulk Fill 
/ Tetric N-Bond, Opus Bulk Fill / Ambar Universal and Fill-Up! / ParaBond. Equia Forte 
Fill hybrid material does not need an adhesive, while the manufacturer of Activa 
BioActive Restorative does not specify any type of adhesive, in this case it was used the 
Scotchbond Universal (3M Oral Care, St. Paul, MN, USA). 
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 The conventional composite, Filtek Supreme Ultra, was tested using the oblique 
incremental filling technique. This composite was applied in four, wedge-shaped 
increments (each approximately 2.0 mm thick), and each layer was individually light-
cured for 20 s. For all bulk-fill products, the preparation was filled in one single increment 
and light-cured following the manufacturer’s instruction. 
 After storage for one week at 37◦C in distilled water, the stored teeth were cross-
sectioned through their centers in a bucco-lingual direction, using a diamond blade 
(Isomet Diamond Wafering Blades, no. 11-4244, Buehler Ltd., Lake Buff, IL, USA) with 
water-cooling. One half was polished using a sequence of silicon carbide abrasive 
papers (grits no. 1000,1200, and 2000, Norton Abrasivos, Vinhedo, SP, Brazil) and felt 
disks containing 3, 2, 1, and 0.5 µm diamond pastes (Buehler Ltd.). Specimens were 
ultra-sonicated (Thornton USC 1400, Unique Group, Indaiatuba, SP, Brazil) for 10 min in 
order to remove the polishing debris. 
 The sectioned composite resin restoration surfaces were analyzed in order to 
determine KHN values at different depths (1, 2, 3, 4 mm from the occlusal surface). A 
KHN tester (HMV 2000, Shimadzu, Tokyo, Japan) with a Knoop diamond indenter was 
used to apply a static load of 50 g (0.98 N) for 5 s to each composite surface (Brandt et 
al., 2013). For each specimen, the averages of three indentations at each depth were 
used in the statistical analysis. KHN values were analyzed using the split-plot, two-way 
ANOVA: factor 1: depth, at 4 levels and factor 2: material, at 6 levels. Tukey post-hoc 
tests was applied in order to detect pair-wise mean differences among the groups (α = 
0.05). To verify the correlation between KHN and BFS in the different groups with 
different thicknesses, the Pearson correlation test was applied (α = 0.05). 
 
3. Results 
3.1 Biaxial Flexural Strength 
Means BFS for the restorative materials are presented in Table 2. Statistical 
analyses indicated that both material (p < 0.0001) and depth (p=0.0010) significantly 
influenced results. The interaction between them was also significant (p = 0.008).  
BFS for Opus Bulk Fill and Activa BioActive Restorative reduced from the third 
millimeter of depth, while for the other materials the depth did not influence the BFS. 
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Equia Forte Fill presented the lowest BFS, regardless the depth. At the top (0.5 mm) and 
intermediate depth (2.5 mm), Filtek Supreme Ultra, Fill-Up!and Activa BioActive 
Restorative showed higher BFS, while at the bottom (4 mm) only Filtek Supreme Ultra 
showed the highest value.  
 
3.2 Knoop Microhardness 
KHNmeans for the restorative materials are presented in Table 3. Statistical 
analyses indicated that both material (p < 0.0001) and depth (p < 0.0001) significantly 
influenced results. The interaction between them was also significant (p = 0.050).  
Depth affected the KHN for Tetric EvoCeram Bulk Fill, Opus Bulk Fill and Fill-
Up!.Filtek Supreme Ultra, Activa BioActive Restorative and Equia Forte Fill showed no 
statistical differences for all depths between them. Activa BioActive Restorative 
presented the lowest KHN values among materials, while Filtek Supreme Ultra and 
Equia Forte Fill the highest ones, regardless depth. 
The results showed that there was no significant correlation between the values 
of KHNand BFS, in the different restorative materials tested and in the different depths, 
except for the Activa BioActive Restorative material at depth of 1 mm, which presented a 
strong correlation between the methods (r = 0.894, p = 0.04). 
 
4. Discussion 
The first hypothesis that no differences would be observed in the BFS or KHN at 
the different depths for the conventional and bulk-fill composites was rejected because 
tworesin-based bulk-fill materials(Activa BioActive Restorative and Opus Bulk Fill)had 
theirsBFS values reduced following the increase depth. Other three bulk-fill composites 
(Tetric EvoCeram Bulk Fill, Fill-Up! and Equia Forte Fill) and the incremental, 
conventional composite (Filtek Supreme Ultra) showed no statistical differences along 
the depth increase. For KHN values, statistical differences were found between 1.0 mm 
and 4 mm depths for Tetric EvoCeram Bulk Fill, Opus Bulk Fill and Fill-Up!composites. 
The degree of conversion of a resinous material may influence various 
mechanical properties, among them BFS and KHN (Fronza et al., 2015). Due to this 
relation, it is possible to evaluate the results obtained in this study anddiscuss about the 
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depth of cure features of such bulk-fillmaterials. When the polymerization does not reach 
the deeper layers of the restorations, which can occur due to several factors, such as 
the type of photoinitiator in the material composition, % of filler infiltrated in the 
composite and light propagation capacity through the material, they become less 
strength and more susceptible to failure and dissolution (Jhang et al., 2015). 
Activa BioActive Restorative is a bioactive material composed by a mixture of 
diurethane and methacrylate monomers with modified polyacrylic acid, amorphous silica 
and sodium fluoride (Palmeijer et al., 2015). The bioactive fillers are responsible for 
releasing and recharging calcium, phosphate and fluoride, being bioactive as glass 
ionomers and fracture resistant as composites, as observed in the BFS results of this 
study. Activa BioActive Restorative does not contain high amount of fillers(58% by 
weight) in its composition compared to the conventional and bulk-fill composites (Fronza 
et al., 2017; Alrahlah et al., 2018). Lower loading, the size and type of fillers (21.8 % by 
weight of amorphous silica),and high resin matrix content may be related to the lowest 
KHN means among tested products. 
Tetric EvoCeram Bulk Fill was one of the materials that showed decreasing in 
KHNfollowing the increase of depth, but no effect regarding the flexural strength. This 
bulk-fill composite contains the regular camphorquinone/amine initiator system, Ivocerin 
photoinitiator (dibenzoyl germanium derivative) and TPO that has been developed to 
provide a broader spectrum of short wave absorption (390 to 445 nm). The LED-curing 
unit used in this study (Valo, Ultradent Products Inc.) delivers spectral peal emission at 
458 nm, with two additional peaks at 402 nm (violet) and 447 nm (blue) (Ilie et al., 2013; 
Sahadi et al., 2018), seeming to be adequate with the bulk-fill composite.Because violet 
light does not penetrate through the material, which hinders the polymerization of the 
deeper layers of the restoration and reduces the KHN(Reis et al., 2017; Shimokawa et 
al., 2018). 
Likewise, the packable Opus Bulk Fill and the dual-cure (Fill-Up!) bulk-fill 
composites also decreased KHNvalues with increasing depth. The Opus Bulk Fill has a 
combination of initiators named as APS(Advanced Polimerization System), but 
manufacturer does not specify which initiators they are. In this study, the KHN reduction 
occurred at the deepest portion of light-cured composite (4 mm), while for BFS, it was 
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after the third millimeter depth. Another study that also evaluated KHNsuggested that 
this composite should be placed not using a thickincrement, since the values found at 
the bottom of the increment compared to the values at the top were lower than the 
clinically acceptable (>80%)(Besegatoet al., 2018). 
For Fill-Up!dual-cure composite, the polymerization is also dependent on the 
chemical polymerization. Because the chemical-cure is less effective than light-
activation, lower degree of conversion might be expected at areas not reached by visible 
light, which reducessome the mechanical properties, such as KHNatthe deepest regions 
of this bulk-fill composite (Chatani et al., 2014). In general, Fill-Up!presented lower KHN 
than the conventional composite, not differ from other resin-based bulk-fill materials, but 
its KHN was higher thanthe bioactive and the glass ionomer/resin hybrid materials. The 
BFS of this bulk-fill material did not differ from conventional composite until 2.5 mm 
depth, but it was lower after this depth. BFS tended to reduce following the increasing 
depth, but no statistical difference was observed between top and bottom 
measurements. 
The second hypothesis was that BFS would not be higher for incremental 
conventional composites compared to bulk-fill was accepted. The regular (incremental 
placement) composite resin (Filtek Supreme Ultra), used as a control, showed the 
highestBFS from the third millimeter depth until the bottom (4 mm) among all materials 
tested (Sadananda et al., 2017). However, at the top (0.5 mm depth) until 2.5 mm depth 
it did not differ from Fill-Up! and Activa BioActive Restorative. Both bulk-fill composites 
presented intermediate BFS results, such as Tetric EvoCeram Bulk Fill and Opus Bulk 
Fill after the third millimeter depth. The composite-glass ionomer hybrid material (Equia 
Forte Fill) presented the lowest BFS, independent on depth, because its hybrid 
characteristic, i.e., the combination of glass ionomer cement and resin monomer makes 
it less strength than those purely resinous materials, even not fully polymerized 
composites. 
 The third hypothesis that KHNwould be not higher for incremental conventional 
composites compared to bulk-fill was alsoaccepted, because Equia Forte Fill showed no 
statistical differences, independent on depths whencompared to control.It was expected 
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that the conventional composite resin presented high values of KHNdue to  use of layers 
light-activated separately, which gives more guarantee of an effective polymerization of 
the entire restoration for this type of composite. The reason why the hybrid material 
produced similar KHN to control is due to the concentration and size of fluoro-alumino-
silicateglass particles, which yielded higher microhardness when the Knoop diamond 
indentertouched the surface of this hybrid material (Molina et al., 2013). 
The fourth hypothesis was partially accepted, because there was an exception for 
Activa BioActive Restorative material at depth of 1 mm. Few studies have evaluated 
themechanical properties (BFS and KHN) of these types of bulk-fill materials(Pameijer et 
al., 2015/ Monterubbianesi et al., 2016/Besegato etal., 2018/ Nascimento et al., 2018/ 
Alrahlah et al., 2018), then there is still very little information in the literature to 
comparethe results of this study. However it is known that, for now, the results for 
conventional resins applied incrementally seemedstill superior or similar than most of 
resin-based bulk-fill materials when the aspects considered are BFS and KHN. 
Therefore, dentistsmustreduce thethickness of composite increment even for bulk-
fillrestorative materials in order to get better properties for them. Manufacturers are 
constantly looking for development to improve the mechanical performance of this class 
of materials and due to this demand for development it is expected that in the near 
future the resin-based bulk-fill materials will behave as conventional or even better. 
 
5. Conclusion 
Depth did not influence the BFS and KHN for the conventional material, since it 
was placed incrementally. On another hand, it was shown that depth canaffect both 
properties of bulk-fill composites, but the resultswere product-dependent. For such bulk-
fill composites, the reduction of the increment thickness is indicated. 
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6. Appendice 
Table 1. Compositions, shade, lot number and manufacturer’ recommendations of tested materials. 
Restorative Material 
(lot number / shade) 
Composition Manufacturers’ 
Recommendation 
(thickness / time) 
Filtek Supreme Ultra 
(310432 / A2E) 
- Bisphenol A polyethylene glycol diether dimethacrylate, Bisphenol glycidyl 
methacrylate, urethane dimethacrylate, polyethylene glycol dimethacrylate, 
triethylene glycol dimethacrylate, 2,6-di-tert-butyl-p-cresol, ceramics-silica-zirconia 
treated with silane. (Filler content: 78.5wt% and 59.5 vol% by volume) 
- Adhesive: ScothBond Universal (Lot Number: 645031) 
 
 
 
         2mm/20s 
 
Tetric EvoCeram Bulk Fill 
(V23428 / IVA) 
- Bisphenol glycidyl methacrylate, urethane dimethacrylate, barium glass, ytterbium 
trifluoride, oxides, prepolymers. (Filler content: 76-77 wt% and 53-54 vol%) 
-Adhesive: Tetric N-Bond (Lot Number: U18895) 
 
          4mm/10s  
Opus Bulk Fill 
(271016 / A2) 
- Methacrylic monomers, methacrylic and urethane oligomers, APS initiator system 
(Filler content: 79 wt%) 
-Adhesive: Ambar Universal (Lot Number: 05041611) 
 
5mm/30s 
Fill-Up! 
(G60772 / UNIVERSAL) 
- Trimetholeolpropane trimethacrylate, urethane dimethacrylate, bisphenol glycidyl 
methacrylate, triethylene glycol dimethacrylate, zinc oxide, benzoyl peroxide (Filler 
content: 65 wt%; 49 vol%) 
-Adhesive: ParaBond A: Methacrylates, polyalkenoate, initiators 
(Lot Number: G78293) and ParaBond B: Ethanol, water, initiators(Lot Number: 
G72534) 
 
 
        4mm / 5s   
Activa BioActive Restorative 
(160510 / A2) 
- Mixture of diurethane and methacrylates with modified polyacrylic acid, amorphous 
silica and sodium fluoride. (Filler Content: 56 wt% -50% bioactive glass and ca. 7% 
silica) 
-Adhesive: ScotchBond Universal(Lot Number: 645031) 
4mm/20s 
Equia Forte Fill 
(1511171 / A2) 
Polyacrilic acid and reactive glass (fluoro-alumino-silicate / FAS, micron-sized fillers 
(< 4 μm) to the standard FAS glass filler particles) (Filler Content: not specified) 
-Adhesive:not necessary 
*not specified/20s 
 
* The manufacturer indicates any adhesive to be used with Activa BioActive Restorative 
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Table 2. Mean (standard deviation) biaxial flexural strength (in MPa) of composites at different depths. 
 
Uppercase letters compare restorative materials within the same depth and lowercase letters compare depths within the same 
restorative material (p≤0.05). 
Abbreviation: B / T ratio = Bottom (4 mm ) / Top (0.5 mm) ratio 
 
 
 
 
 
 
 
 
Depth 
(mm) 
Filtek Supreme 
Ultra 
Tetric EvoCeram 
Bulk Fill 
Opus Bulk Fill Fill-Up! Activa BioActive 
Restorative 
Equia Forte Fill 
0.5 121.5 (20.5) Aa 75.1 (10.7) Ca 96.9 (17.6) Ba 108.4 (26.5) ABa 122.7 (13.8) Aa 20.4 (10.2) Da 
1.0 126.3 (12.1) Aa 78.1 (11.8) Ca 97.1 (15.4) Ba 98.7 (12.8) Ba 116.2 (34.1) Aa 20.3 (6.4) Da 
1.5 115.1 (23.6) Aa 78.5 (7.5) Ca 97.6 (18.3) Ba 101.2 (16.5) ABa 117.8 (11.2) Aa 21.8 (9.4) Da 
2.0 119.7 (11.1) Aa 78.7 (6.1) Ca 90.7 (16.1) Ba 98.8 (12.7) ABa 118.2 (19.5) Aa 21.9 (11.6) Da 
2.5 113.0 (22.0) Aa 74.3 (3.4) Ca 85.4 (15.9) BCab 94.7 (14.2) ABa 101.9 (18.0) ABab 18.9 (7.8) Da 
3.0 120.9 (17.0) Aa 71.4 (5.7) Ca 76.2 (14.1) Cb 105.1 (8.3) Ba 96.2 (12.8) Bb 21.4 (10.2) Da 
3.5 128.9 (14.5) Aa 74.7 (12.5) Ca 71.4 (9.8) Cb 105.9 (15.4) Ba 76.5 (15.7) Cbc 20.9 (7.6) Da 
4.0 129.0 (13.1) Aa 72.0 (9.6) Ca 73.0 (15.9) Cb 102.6 (10.2) Ba 71.5 (19.2) Cc 19.5 (7.5) Da 
B/T ratio 1.06 0.96 0.75 0.95 0.58 0.96 
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Table 3. Means (standard deviation) microhardness (KHN) of composites at different depths. 
Uppercase letters compare restorative materials within the same depth and lowercase letters compare depths within the same 
restorative material (p≤0.05). 
Abbreviation: B / T ratio = Bottom (4 mm ) / Top (1 mm) ratio 
 
 
Depth 
(mm) 
Filtek Supreme 
Ultra 
Tetric EvoCeram 
Bulk Fill 
Opus Bulk Fill Fill-Up! Activa BioActive 
Restorative 
Equia Forte Fill 
1.0 76.7 (13.5) Aa 62.3 (7.8) Ba 57.2 (7.3) Ba 64.7 (5.9) Ba 26.9 (3.8) Ca 69.6 (14.8) Aa 
2.0 67.5 (8.0) Aa 49.1 (4.7) Bb 55.3 (4.6) Bab 56.3 (5.9) Bab 24.8 (4.5) Ca 78.4 (16.8) Aa 
3.0 78.3 (15.9) Aa 47.4 (3.2) Cb 48.3 (4.9) Cab 55.9 (6.4) Bab 24.1 (3.0) Da 75.9 (9.0) Aa 
4.0 72.0 (11.6) Aa 43.5 (3.4) Cb 43.4 (3.4) Cb 51.1 (3.6) Bb 22.6 (5.6) Da 70.9 (16.1) Aa 
B/T ratio 0.94 0.70 0.76 0.79 0.84 1.02 
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ABSTRACT 
Objective:To evaluate Polymerization Shrinkage Stress (PSS), Internal 
Adaptation/Gap Formation (IAG) and Dentin Bond Strength and Fracture Pattern (DBS) 
of one conventional and 5 five resin-based bulk-fill materials. Material and Methods: A 
conventional (incremental placement) composite resin (Filtek Supreme Ultra, 3M Oral 
Care) and five resin-based bulk-fill materials: two packable composites (Tetric 
EvoCeram Bulk Fill, Ivoclar Vivadent, and Opus Bulk Fill, FGM Prod. Odontol.), one low 
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viscosity dual-cure composite (Fill-Up!,Coltène/Whaledent AG), one bioactive material 
(Activa BioActive Restorative, Pulpdent Corp.) and one composite-glass ionomer hybrid 
material (Equia Forte Fill, GC Corp.) were tested. Conventional composites and bulk-fill 
materials were placed and light-activated according to the manufacturer’s instructions 
PSS was determined using composite bonded to acrylic rods attached to a universal 
testing machine (n=5).For IAG, standardized Class I preparations were made in 
extracted molars and the cavities were filled with the materials (n=5). After storage for 
one week at 37◦C in distilled water, restorations were cross- sectioned and analyzed in 
scanning electron microscopy (SEM). For the DBS test, a standardized class I cavity 
preparation (4x4x3 mm) was made on the occlusal surface of a tooth and the prepared 
teeth were randomly divided into the six experimental groups represented by a 
restorative material and its respective bonding agent (n = 10). Restored teeth were cut 
into sticks-shaped specimens and tested in a universal testing machine. Data were 
statistically analyzed by two- (DBS) and one-way (PSS and IAG) ANOVA and Tukey 
post-hoc test (alpha of 0.05).Results: For PSS, Equia Forte Fil showed the lowest 
values and Fill-Up! showed higher values but not statistically different from Filtek 
Supreme Ultra and Opus Bulk-fill. IAG was lower for Tetric EvoCeram Bulk Fill, Opus 
Bulk Fill and Activa BioActive Restorative. DBS significantly decreased after 1-year 
storage for Filtek Supreme Ultra, Opus Bulk Fill and Fill-Up!.Conclusion:The 
mechanical properties of bulk-fill materials are composition-dependent and the regular 
material did not show to have superior properties than the bulk-fill materials. 
 
 
 
1. INTRODUCTION 
 Since its development in the 1960s, composite resins have shown great evolution 
in their mechanical, adhesive and aesthetic properties. Thus, it is common the 
development of new techniques and materials that promise to reduce the clinical time 
of the restorative procedure or to improve the composition of these materials (Pfeifer 
et al., 2017). Traditionally, composite resins used in posterior teeth should be applied 
in increments to avoid the negative effects of Factor C and low monomeric 
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conversion in thick increments (Fronza et al., 2018). The polymerizationstress (PSS) 
resulted from the composite shrinkage can compromise the dental-adhesive-
composite bonded area, cause cracks or fractures in the adjacent dental structures 
and cusps deflection involved in the cavity preparation, resulting in strong 
postoperative sensitivity (Reis et al., 2017). 
 With conventional composite resins, the oblique incremental technique with the 
optimum thickness of up to 2 mm is required to ensure high monomeric conversion of 
the composite portion (Ferracane et al., 2011). In addition to this technique, a 
number of others, also incremental, were proposed by several researchers such as 
Lutz in 1986, Pollack in 1987 and Hilton & Ferracane in 1999, which aimed the 
reduction of the PSS and improving the monomer conversion into polymers. 
However, following the evolution of the composite resins, modifications related to 
their compositions occurred, and the most recent evolution was the releasing of the 
so-called bulk-fill composites. The main advantage of this type of composite is the 
possibility of inserting increments up to 4 mm thick, without harming their physical 
and mechanical properties (Fronza et al., 2017)  
 The use of a single increment in bulk-fill resins is due both to the developments 
related to the photoinitiator and to the increase of its translucency, which allows 
greater penetration of light and a deeper photopolymerization. Studies have shown 
that some bulk-fill composites produce lower PSS and volumetric shrinkage, when 
compared to hybrid and fluid composite composites (Fronza et al., 2015). In addition, 
its use implies a shorter clinical time of procedure, which is also an advantage of this 
type of material (Benetti et al., 2015, Hirata et al, 2015) 
 Besides regular bulk-fill resins, other types of bulk-fill restorative materials have 
been developed, such as hybrids (glass ionomer cement and composite resin), 
bioactive and dual-cure composite resins, which try to compensate some deficient 
characteristics of regular bulk-fill resins. This study compared the PSS, internal 
adaptation/gap formation (IAG) and dentin bond strength (DBS) of a regular 
composite resin to five resin-based bulk-fill restorative materials, in order to obtain 
more information about their clinical indications, characteristics and properties. The 
null hypothesis tested was that (1) regular composite would not have the same 
  
34 
results of bulk-fill materials, regarding the PSS, IAG and DBS, and (2) bulk-fill 
materials would not present different PSS, IAG and DBSresults among them, 
regardless their variable compositions.  
 
2. Materials and Methods 
2.1. Materials 
 Six restorative systems were evaluated, which comprise the restorative materials 
and their corresponding adhesive systems that were used in bond strength test and 
marginal adaptation analysis. A regular (incremental placement) composite resin was 
used as a control (Filtek Supreme Plus, 3M Oral Care, St. Paul, MN, USA) and five 
resin-based bulk-fill materials were tested. Bulk-fill materials comprised two packable 
composites (Tetric EvoCeram Bulk Fill, Ivoclar Vivadent, Schaan, Liechtenstein and 
Opus Bulk Fill, FGM Prod. Odontol.,Joinville, SC, Brazil), one dual-cure composite 
(Fill-Up, Coltène/Whaledent AG, Altstätten, Switzerland), one hybrid (Equia Forte Fill, 
GC Corp., Tokyo, Japan) and one bioactive material (Activa BioActive Restorative, 
Pulpdent Corp., Watertown, MA, USA) (Table 1). 
 
 
2.2. Methods 
2.2.1. Polymerization Shrinkage Stress 
 Polymethyl methacrylate rods with a diameter of 4 mm and a length of 13 or 28 
mm were used. One end of the 13 mm long rod was polished with silicon carbide 
(600-, 800-, 1000- and 1200-grits, Norton Abrasivos, Vinhedo, SP, Brazil) and 1 μm 
diamond paste felt disks (Buehler Ltd., Lake Buff, IL, USA) to allow the transmission 
of light through the rod during photoactivation. The other end of the 13 mm rod and 
one of the 28 mm rods were sandblasted with 50 μm aluminum oxide particles for 10 
seconds. The methyl methacrylate monomer (Artigos Odontol. Clássico, Campo 
Limpo Paulista, SP, Brazil) was applied to the abraded surfaces, followed by one 
layer of adhesive (Bonding Resin, Scotchbond Multipurpose Plus, 3M Oral Care) and 
light-activated for 10 seconds. 
 Both rods were attached to a universal test machine (model 5565, Instron Corp.), 
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the 13 mm rod attached to the bottom part and the 28 mm rod to the upper part of 
the test machine, leaving a space between rods of 0.8 mm for the application of 
restorative materials, in a volume of 6.8 mm3. Low viscosity materials were applied 
using syringes, while regular consistency ones were inserted with spatula #1 (Duflex, 
Juiz de Fora, MG, Brazil). The factor C of this system was 1.3. The restorative 
materials were inserted in this space forming a disk that followed the perimeter of the 
rods. An extensometer was attached to the rods to monitor the height of the system 
and provide feedback to the test machine in order to move the actuator such that the 
rods separation distance (specimen height) was maintained during material 
polymerization. With the extensometer in position, the light-activation (Valo, Ultradent 
Prod. Inc., South Jordan, UT, USA) was performed with the tip of the device 
positioned in contact with the polished surface of the 13 mm rod. 
 The values were recorded by the load cell, which corresponded to the force 
necessary to counteract the polymerization shrinkage force and to thus maintain the 
initial specimen height. The system was monitored for 10 minutes from the start of 
the light-activation. The maximum nominal stress (MPa) was calculated by dividing 
the maximum force value recorded by the cross-sectional area of the rods. Five 
repetitions were performed for each material (n = 5). 
 
2.2.2. Internal Adaptation and Gap Formation of Restorative Materials in Class I 
Cavities 
 The same class I cavity preparation that was described for bond strength test was 
made on 30 teeth in this part of the study. The teeth were divided into the same 
experimental groups (n = 5) and restored. After twenty-four hours at 37oC, the 
restorations were sectioned transversely in the center into the mesio-distal direction. 
One half was used to evaluate the adaptation of the material to the cavity 
preparation. Samples were polished with SiC (1000- and 1200-grits, Norton 
Abrasivos, Vinhedo, SP, Brazil) and diamond pastes (6, 3, ½ and ¼ μm, Buehler 
Ltd., Lake Buff, IL, USA), followed by ultrasonic bath (Thornton USC 1400, Unique, 
Indaiatuba, SP, Brazil) for removal of residues from polishing. Serial images were 
taken from restored cavities using a digital microscope (Hirox Co Ltd, Tokyo, 
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Japan).For each specimen, approximately 40 images, each at a 200× magnification, 
were required to observe the entire length of the tooth-restoration interface. The 
image scale bar was used for distance calibration. Individual lengths of debonded 
segments were obtained in millimeters, were summed, and then converted to 
percentage of the total length of the interface. The IAG and PPS data were evaluated 
using one-way ANOVA test (factor: material / 5 levels). Tukey post-hoc test was 
applied inorder to detect pair-wise mean differences among the groups(α = 0.05). 
 
2.2.3. Dentin Bond Strength in Class I Cavities and Failure Pattern Analysis 
 Sixty-third human molars were used in this part of the study, after approval by the 
FOP-UNICAMP Ethics Committee (process#CAAE:73430517.8.0000.5418).The 
dentin bond strength of restorative systems used the microtensile method described 
by Sano et al. (1994) and modified by Shono et al. (1999). The occlusal enamel were 
flattened with silicon carbide sandpaper (600-grit, Norton Abrasivos, Vinhedo, SP, 
Brazil) and a standardized class I cavity of dimensions 4 mm deep x 3 mm wide x 4 
mm length was prepared on the occlusal surface of each tooth, with the margins 
located in the enamel at cavosurface margins and dentin at internal area of cavity 
preparation. These class I cavities had C-factor of 5.7 and an approximate volume of 
48 mm3, which were made using a high-speed handpiece (Extra Torque 605, Kavo 
do Brasil, Joinville, SC, Brazil), a regular (#3145, KG Sorensen, Cotia, SP, Brazil) 
and an extra-fine diamond burs (#3145FF, KG Sorensen, Cotia, SP, Brazil).  
 The prepared teeth were divided randomly into 6 groups (n= 10), according to the 
restorative systems and filling techniques. Each group was represented by a 
restorative material and its respective adhesive system, which was used according to 
the recommendations of the respective manufacturers and light-activated with LED 
light-curing unit (1,060 mW/mm2,Valo, Ultradent Products Inc., South Jordan, UT, 
USA). The intensity of the light emitted by the device was checked periodically with 
the radiometer (Demetron, Kerr Corp., Orange, CA, USA). After the application and 
the light curing of the adhesives, the respective restorative material was inserted into 
the class I cavity in a single increment (of 4 mm) or by the oblique incremental 
technique (for the Filtek Supreme Ultra) (Reis et al., 2003) was performed with 2 
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increments (approximately 2 mm each). The restored teeth were immersed in water 
at 37 °C for 24 hours. 
 Buccal-lingual and mesio-distal serial sections, perpendicular to the long axis of 
the tooth and to the bonded interface in the pulp wall were performed, using a 
diamond blade (Isomet Diamond Wafering Blades, no. 11-4244, Buehler Ltd., Lake 
Buff, IL, USA). Six to 8 specimens per tooth were obtained, with a cross-sectional 
area of approximately 1.0 mm2. Half of the number of specimen (3 to 4) was 
immediately tested and the other half stored for one year in an eppendorf tubes 
containing artificial saliva at 37oC, until bond strength test. Saliva was replaced 
monthly. 
 Specimens were fixed with cyanoacrylate glue (Super Bonder, Henkel / Loctite) to 
microtensile device that was coupled to a universal test machine (EZ Test, Shimadzu 
Corp., Kyoto, Japan) and tested was conducted under speed of 0.5 mm/min until 
specimen fracture. The load value for specimen fracture was obtained in kilograms-
force (Kgf) and the DBS was calculated in MegaPascal (MPa), from the cross-
sectional area of the specimens, which was measured with a digital caliper (model 
727-2001, Starrett Ind. Com. Ltda, Itu, SP, Brazil). The mean per group (restorative 
material and evaluation time) was calculated from the average of the specimens per 
tooth. For the DBS test, two factors were studied: restorative system (6 materials) 
and evaluation time (24 hours and 1 year). 
 The DBS data were evaluated using two-way ANOVA test (repeated measures 
approach and factors: material / 5 levels and evaulation time / 2 levels). Tukey post-
hoc test was applied in order to detect pair-wise mean differences among the groups 
(α = 0.05). 
 The surfaces involved in the fracture of each specimen were analyzed in 
scanning electron microscope (SEM) to classify the fracture pattern. The fractured 
specimens were fixed with light-cure composite resin in metallic stubs, keeping the 
areas involved in the fractures facing upwards. Then, these fragments were sputter 
coated (Desk II, Denton Vaccum, Moorestown, NJ, USA) and observed in SEM (JSM 
5600LV, Jeol Ltd, Tokyo, Japan) under magnification of 100x and 2,000x. The 
classification of the fracture pattern was performed according to the structures 
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involved: 
• Type I: cohesive failure within composite resin; 
• Type II: adhesive failure between composite resin and adhesive; 
• Type III: Adhesive failure between the dentin surface and the adhesive; 
• Type IV: Mixed failure characterized by exposure of the dentin surface, the 
adhesive and/or the presence of the restorative material; 
• Type V: cohesive failure within the adhesive layer. 
• Type VI: cohesive failure within dentin 
• Type VII: cohesive failure within the hybrid layer 
 
3. RESULTS 
3.1 Polymerization Shrinkage Stress 
 Means PSS values for the restorative materials are presented in Table 2. 
Statistical analyses indicated that material (p < 0.0001) significantly influenced 
results.Fill-Up! presented higher PSSthan those obtained for Tetric EvoCeram Bulk 
Fill, Activa BioActive Restorative and Equia Forte Fill, whichshowed the lowest 
PSS.Filtek Supreme Ultra and Opus Bulk Fill also presented higher PSS, while Tetric 
EvoCeram Bulk Fill and Activa BioActive Restorative showed intermediate results. 
 
3.2 Internal Adaptation and Gap Formation of Restoration Systems in Class I 
Cavities 
 Means IAG values for the restorative materials are presented in Table 2. 
Statistical analyses indicated that material (p < 0.0001) significantly influenced 
results.Fill-Up! presented higher IAG than those obtained for most of tested material, 
except for Equia Forte Fill. This hybrid material and Filtek Supreme Ultra showed 
intermediate IAG results, while Tetric EvoCeram Bulk Fill, Opus Bulk Fill and Activa 
BioActive Restorative presented lower IAG. 
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3.3 Dentin Bond Strength and Failure Pattern Analysis 
 Means BDS values for the restorative materials are presented in Table 3. 
Statistical analyses indicated that both material (p < 0.0001) and time (p < 0.0001) 
significantly influenced results. The interaction between them was also significant (p 
< 0.0001). At 24 hours, the DBS of Filtek Supreme Ultra did not differ statistically 
from most of materials, except for Activa BioActive Restorative andEquia Forte Fill, 
which did not differ from Tetric EvoCeram Bulk Fill, Opus Bulk Fill and Fill-Up!.After 
one year storage, only Filtek Supreme Ultra showed higher BDS Equia Forte Fill. 
Significant decrease in BDS after one year was observed for Filtek Supreme Ultra, 
Opus Bulk Fill and Fill-Up!. 
 Frature patternanalysis showed that the mixed failure characterized by exposure 
of the dentin surface, the adhesive and/or the presence of the restorative material 
(Type IV) was the most prevalent. Except for Tetric EvoCeram Bulk Fill, all the other 
restorative materials the percentage of this type of failure tended to increase over 
time. The second most common one was Type I, a cohesive failure within composite 
resin and differently from Type IV, tended to reduce the percentage of occurrence 
over time, except for Tetric EvoCeram Bulk Fill and Activa BioActive Restorative. 
Types II (adhesive failure between composite resin and adhesive) and III (Adhesive 
failure between the dentin surface and the adhesive) had low incidence and did not 
occur for all materials. Types V (cohesive failure within the adhesive layer) and VII 
(cohesive failure within the hybrid layer) was the less common fractures. Type V was 
not observed for Fill-Up!, Activa BioActive Restorative and Equia Forte Fill, and Type 
VII was also not present in Activa BioActive Restorative and Equia Forte Fill and for 
Filtek Supreme Ultra, regardless storage time. The fracture pattern tended to change 
after one-year storage, but depended on the type of material tested. 
 
4. Discussion 
The first null hypothesis that regular composite would not have the same results 
of Bulk-fill materials, regarding the PSS, IAG and DBSwas partially accepted 
because some results obtained showed statistical similarity between the regular 
composite and some of the bulk-fillmaterials.For PSS, the dual-cure material9 Fill-
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Up!) showed highervalues, but it was not statistically different from the regular 
composite and Opus Bulk Fill.What can explain this fact is that the dual-cure material 
may promote high degree of conversion due to chemical and photoactivated cure, 
which promoted higher shrikagestress (Monterubbianesi et al., 2016). Filtek Supreme 
Ultra also showed higher values, as well as OpusBulk Fill, problably because their 
arebothpackable composites, with Bis-GMA and TEGDMA in their formulation. 
Although they have high concentration of filler contente, which modulates the 
polymerization reaction, in comparison with the other restorative materials evaluated 
in this study, they have a larger portion of resin matrix (Taha et al., 2015). In this 
case, the higher the concentration of monomers in their composition the greater the 
possibility of contraction of the material and the generation of shrinkage stress. 
(Besegato et al., 2018) 
Continuing the same analysis,Equia Forte Fil was the bulk-fill material that 
presented the lowest values of PSS. It is a hybrid material, which supports the 
previous statement and what the manufacturer claims (a material with low 
polymerization shrinkage or shrinkage stress)(avaliable on 
:http://www.gcamerica.com/products/operatory/EQUIA_Forte/) (Francois et al., 
2018).Tetric EvoCeram Bulk Fill also showed lower values, what can be explained by 
theuse of prepolymerized composite particles in its matrix, which would also 
decrease the polymerization reaction intensity and consequently the PSS (Pfeifer et 
al., 2017). 
For IAG, the dual-cure material (Fiil-Up!) presented the highest value, because its 
rheolgy property, poor interaction of adhesive with tooth and high PSS.The 
incremental composite did not differ from all other materials, but promoted lower Fill-
Up! than Fill-Up!(Monterubbianesi et al., 2016).For DBS, the hybrid material showed 
the lowest value for 24h and 1h.In this test it is important to evaluate how the 
material behaved after 1-year of storage, simulating behavior in the oral environment. 
Filtek Supreme Ultra, Opus Bulk Fill and Fill-Up! were the composites that showed 
significant decrease in DBS after 1-year storage and these results are related to the 
efficacy of bonding agents used. 
The second null hypothesis that bulk-fill materials would not present different 
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PSS, IAG and DBS results among them, regardless their variable compositions 
wererejected.The materials used in this study despite being one-increment technique 
composites (except the regular material), they have different compositions and, 
consequently, different properties, behaviors and proposals. 
Thus, Tetric EvoCeram Bulk Fill and Opus Bulk Fill are packable composites, and 
they had similarity like the presenceof alternative iniciatorsto try to reduce the 
concentration of canphorquinone in its formula. Tetric EvoCeram Bulk Fill uses 
Ivocerin, a germanium-based photoinitiator, with maximum wavelength of absorption 
at 420 nm, that considerably more reactive than camphorquinone-amine system 
(Pfeifer et al., 2017), while Opus Bulk Fill uses a combination of initiators named APS 
(Advanced Polimerization System), but manufacturer does not specify which 
initiators they are and in which concentration(Besegato et al., 2018).The Fill-Up! do 
not have an alternative photoiniciator in its composition, but the dual-curing property 
is to try to improve the polymerization over the entire length of the increment of the 
bulk-fill material(Monterubbianesi et al., 2016). 
On another hand, Activa BioActive Restorative is a bulk-fill restorative material 
that appeared in the market with the proposal of being also an “artificial dentine” and 
to release fluoride ions to the oral cavity, thus helping to reduce the occurrence of 
microleakage in the margins of the cavity. However, although this is what is claimed, 
some studies has shown that this material applied in the cavity following the 
manufacturer’s instructions(a short phosphoric acid pretreatment but without 
adhesive system), resulted in a high failure frequency after a period of one year (van 
Djiken et al., 2018). Also, that the microleakage of this composite in the absence or 
presence of etching and bonding could be comparable to the microleakage of regular 
composites (Omidi et al., 2018). 
Furthermore, the hybrid material Equia Forte Fil,was released as “a strong bulk- 
fill glass hybrid restorative system with exceptional physical properties and 
aesthetics”. It is an ionomeric material, which has better mechanical properties than 
other materials present on the market.Few studies have evaluated the mechanical 
properties of this material andfurther research should be carried out to obtain more 
information about its properties besides the flouride realese. 
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The failure pattern showed some variability among materials, because the 
different modes of interactions with tooth structures. Some composites require an 
adhesive, which influence directly IAG and DBS. Bond strength reduction after one 
year can indicate comprimising of adhesion to tooth, with changing of prevalence of 
types of failure modes. Low incidence of adhesive failures showed that the 
restorative systems had good interaction with tooth, which can help to induce  
somecohesive failures within dentin, although tensile bond strength test tends to 
reduce this type of cohesive failure by better distribution of loading at tooth-resin 
interface (Watanabe et al., 1994) 
As the amount of restorative materials has increased 
the need for testing these new materials also growsIt should be noted that often a 
material is developed with a main proposal, but this is not the only characteristic of it 
that matters.For example, if a material was created to release fluoride in the oral 
cavity, it is encouraged, of course, to evaluate and test this property, but also the 
characteristics that will show its viability in the oral environment and under  
function.Thus, it is important to evaluate these new materials thoroughly to bring 
coherent information to the clinician about the products, which are available in the 
maket and to further enrich the literature with data on this new generation of 
restorative materials. 
 
 
5. Conclusion 
 Results suggested that PSS, IAG and DBS of bulk-fill materials varied according 
to theirs compositions and the regular, incremetal material did not show superior 
properties compared to bulk-fill materials. 
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6.Appendicces 
Table 1. Compositions and lot number of tested materials. 
 
* The manufacturer indicates any adhesive to be used with Activa BioActive Restorative 
 
 
Restorative Material 
(lot number / shade) 
Composition Manufacturers’ 
Recommendation 
(thickness / time) 
Filtek Supreme Ultra 
(310432 / A2E) 
- Bisphenol A polyethylene glycol diether dimethacrylate, Bisphenol glycidyl 
methacrylate, urethane dimethacrylate, polyethylene glycol dimethacrylate, 
triethylene glycol dimethacrylate, 2,6-di-tert-butyl-p-cresol, ceramics-silica-zirconia 
treated with silane. (Filler content: 78.5 wt% and 59.5 vol% by volume) 
- Adhesive: ScothBond Universal (Lot Number: 645031) 
 
 
 
         2mm / 20s 
 
Tetric EvoCeram Bulk Fill 
(V23428 / IVA) 
- Bisphenol glycidyl methacrylate, urethane dimethacrylate, barium glass, ytterbium 
trifluoride, oxides, prepolymers. (Filler content: 76-77 wt% and 53-54 vol%) 
- Adhesive: Tetric N-Bond (Lot Number: U18895) 
 
          4mm / 10s  
Opus Bulk Fill 
(271016 / A2) 
- Methacrylic monomers, methacrylic and urethane oligomers, APS initiator system 
(Filler content: 79 wt%) 
- Adhesive: Ambar Universal (Lot Number: 05041611) 
 
5mm / 30 s 
Fill-Up! 
(G60772 / UNIVERSAL) 
- Trimetholeolpropane trimethacrylate, urethane dimethacrylate, bisphenol glycidyl 
methacrylate, triethylene glycol dimethacrylate, zinc oxide, benzoyl peroxide (Filler 
content: 65 wt%; 49 vol%) 
- Adhesive: ParaBond A: Methacrylates, polyalkenoate, initiators 
(Lot Number: G78293) and ParaBond B: Ethanol, water, initiators (Lot Number: 
G72534) 
 
 
        4mm / 5s   
Activa BioActive Restorative 
           (160510 / A2) 
- Mixture of diurethane and methacrylates with modified polyacrylic acid, amorphous 
silica and sodium fluoride. Filler Content: (56 wt% -50% bioactive glass and ca. 7% 
silica) 
- Adhesive: ScotchBond Universal(Lot Number: 645031) 
4mm/20s 
Equia Forte Fill 
            (1511171 / A2) 
Polyacrilic acid and reactive glass (fluoro-alumino-silicate / FAS, micron-sized fillers 
(< 4 μm) to the standard FAS glass filler particles) (Filler Content: not specified) 
- Adhesive: not necessary 
*not specified/20s 
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Table 2. Mean (standard deviation) of polymerization shrinkage stress (in MPa) and internal gap formation (% length of 
entire internal interface) of the restorative materials 
Within a column, means followed by the same letter are not statistically different (p > 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Restorative Materials Polymerization Shrinkage Stress  Internal Gap Formation 
Filtek Supreme Ultra 7.51 (1.01) ab 46.9 (8.9) bc 
Tetric EvoCeram Bulk Fill 5.31 (0.55) c 25.6 (19.7) c 
Opus Bulk Fill 7.29 (1.11) ab 30.0 (10.1) c 
Fill-Up! 7.94 (0.80) a 80.2 (17.5) a 
Activa BioActive Restorative 6.25 (0.86) bc 23.1 (5.0) c 
Equia Forte Fill 0.34 (0.04) d 61.9 (8.6) ab 
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Table 3. Mean (standard deviation) of BDS as a function of restorative material and evaluation time (in MPa). 
 
 
Different letters indicate significant statistical differences. Uppercase letters compare restorative materials within the same 
evaluation time and lowercase letters compare time within the same restorative material(p< 0.05). 
 
 
 
 
 
 
 
 
 
 
 
Restorative Materials                                         Storage Time 
 24h 1 year 
Filtek Supreme Ultra 29.2 (8.6) Aa 19.1 (5.2) Ab 
Tetric EvoCeram Bulk Fill 20.0 (6.6) ABa 15.6 (5.0) ABa 
Opus Bulk Fill 23.0 (6.9) ABa 14.8 (4.7) ABb 
Fill-Up! 26.6 (4.3) ABa 12.3 (4.5) ABb 
Activa BioActive Restorative 19.6 (4.8) Ba 14.9 (4.2) ABa 
Equia Forte Fill 12.4 (3.1) Ba 11.8 (3.8) Ba 
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Figure 1.Bar graph showing the percentage of failures for restorative materials at 24 hours of storage. 
 
Abbreviations: Type I: cohesive failure within composite resin; Type II: adhesive failure between composite resin and 
adhesive; Type III: Adhesive failure between the dentin surface and the adhesive; Type IV: Mixed failure characterized by 
exposure of the dentin surface, the adhesive and/or the presence of the restorative material; Type V: cohesive failure 
within the adhesive layer;  Type VI: cohesive failure within dentin and Type VII: cohesive failure within the hybrid layer. 
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Figure 2.Bar graph showing the percentage of failure for restorative materials at one year of storage. 
 
Abbreviations: Type I: cohesive failure within composite resin; Type II: adhesive failure between composite resin and 
adhesive; Type III: Adhesive failure between the dentin surface and the adhesive; Type IV: Mixed failure characterized by 
exposure of the dentin surface, the adhesive and/or the presence of the restorative material; Type V: cohesive failure 
within the adhesive layer; Type VI: cohesive failure within dentin and Type VII: cohesive failure within the hybrid laye
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3  DISCUSSĀO  
 
  Desde quando a resina composta foi criada, há 60 anos, a indústria odontológica 
vem alterando a formulaçāo para aprimorar as propriedades, tanto físicas quanto 
estéticas, desse material restaurador. Esse produto odontológico, que surgiu 
primeiramente em 1964, na versāo pó e líquido (Advent, 3M) seguido, em 1969, pela 
versāo pasta/pasta (Adaptic, Jonhson &Jonhson) (Júnior et al., 2011), passou por 
transformações substanciais na formulaçāo para alcançar o que se encontra hoje 
disponível para uso do dentista (Pfeifer et al., 2017). 
  O desenvolvimento do Bis-GMA, foi considerado um grande marco na história da 
resina composta, no entando a evoluçāo tecnológia desse material é progressiva, ou 
seja, o desenvolvimento de novos materiais com diferentes propostas de utilizaçāo é 
constante e crescente. As resinas bulk-fill sāo exemplos disso e surgiram, em 2013, no 
mercado com a prerrogativa de poderem ser utilizadas em incremento único sem 
prejudicar as propriedades físicas desses materiais (Fronza et al., 2017). Desde quando 
esse material foi desenvolvido, a sua furmulaçāo foi alterada,surgindo assim as 
formulações de baixa e alta viscosidade, e também subcategorias, tais como: 
compósitos de dupla polimerização, compostos bioativos e materiais resinosos híbridos 
(Reis et al., 2017), sendo que a característica comum entre eles é o tamanho do 
incremento que pode ser inserido na cavidade. 
  No entanto, com o aparecimento de materias com formulações alternativas 
variadas, viu-se a necessidade de avaliar as propriedades físicas dessa nova geração 
de produtos odontológicos (Van Ande et al,  2017). Existem na literatura alguns estudos 
com esses materiais, avaliando, principalmente, as características que mais se 
destacam neles. No entanto, pouco ainda se tem avaliado sobre as propriedades físicas 
gerais desses materiais como Microdureza Knoop (KHN), Resistência à Flexāo (BFS), 
Adaptaçāo Marginal (IAG), Tensāo de Polimerização (PSS) e Resistência de União à 
Dentina (DBS), e esse foi o intuito desse trabalho. 
  Dos materiais estudados, as resinas compostas  do tipo bulk-fillTetric Evoceram 
Bulk Fill e Opus Bulk Fill sāo de alta viscosidade, no entanto, possuem uma 
particularidade em suas composições. A Tetric Evoceram Bulk Fill possui o fotoiniciador 
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Ivocerin, patenteado pela empresa Ivocla Vivadent, que é um fotoiniciador à base de 
germânio, com comprimento máximo de onda de absorção a 420 nm e é 
consideravelmente mais reativo do que o sistema canforquinona-amina terciária (Pfeifer 
et al., 2017). O compósitoOpus Bulk Fill possui uma combinaçāo de iniciadores 
chamada APS (Advanced Polimerization System), mas o fabricante não especifica 
quais são e em quais concentrações (Besegato et al., 2018). 
  Quando submetida ao teste de BFS, para Tetric EvoCeram Bulk Fill os valores 
nāo diminuíram com o aumento da profundidade, no entanto quando comparada ao 
grupo controle (Filtek Suprem Ultra) apresentou médias menores, provavelmente devido 
ao tipo de fotopolimerizaçāo a que foi submetida. A  luz violeta que, sabidamente, 
possui menor capacidade de penetração e ao tamanho de incremento sugerido pelo 
fabricante (4mm) talvez explique esse resultado.Já a Opus Bulk Fill apresentou uma 
diminuição das médias com o aumento da profundidade, sendo que o valor obtido na 
camada mais profunda (4mm) resultou em menos de 80% do valor obtido na camada 
mais superficial (0,5mm), o que nāo é considerado clinicamente aceitável e pode estar 
relacionado com o sistema fotoiniciador(Besegato et al., 2018). 
  Além disso, tanto a Tetric Evoceram Bulk Fill quanto a Opus Bulk Fill 
apresentaram dimunuiçāo das médias com o aumento da profundidade quando 
submetidas ao teste de KHN. Para Opus Bulk Fill, supostamente, esses baixos valores 
podem estar relacionados ao tipo de fotoiniciador presente em sua composição e para 
Tetric Bulk Fill, por ser uma resina nanoparticulada que possui em sua formulação 
resina pré-polimerizada (pré-polimeros de aproximadamente 50 μm) dispersa na matriz 
orgânica que compõe a concentracao final de partículas de carga (54% por volume), 
pode estar relacionada ao tipo e a disposição das cargas inorgânicas (Pfeifer et al., 
2017). 
  Essas resinas, quando submetidas ao teste de PSS, a Tetric Bulk Fill apresentou 
valores consideravelmente baixos quando comparada aos outros materiais, já a Opus 
Bulk Fill  apresentou altos valores estatisticamente similares ao grupo controle (Filtek 
Supreme Ultra). Controversamente, ambos materiais apresentaram baixo índice de 
abertura de fendas internas na interface dente-adesivo-restauraçāo. Já quando 
submetidos ao teste de DBS, a Opus Bulk Fill diminuiu os valores obtidos após um ano 
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de armazenamento, o que está provavelmente diretamente relacionado com a 
polimerização deficiente em camadas mais profundas que sofre esse material estando, 
assim, mais susceptivel a degradação quando em meio aquoso. Diferentemente desses 
materiais, foi testada também nesse estudo a Fill Up! que é uma resina de dupla 
ativaçāo de baixa viscosidade. 
  Esse material apresentou valores adequados de BFS, sendo que os valores 
obtidos da base (4mm) sāo estatisticamente mais baixos do que os encontrados na 
superfície (0,5mm), mas a razão entre eles é maior que 80% (0,95), o que é uma 
maneira indireta de se medir a profundidade de cura de materiais (Maghaireh et al., 
2018), e, sendo assim, viabiliaza clinicamente a utilização desse produto. Os resultados 
apresentados para a BFS podem estar relacionados, principalmente, pelo fato ser um 
material de dupla ativação. A polimerização química, que é menos eficiente do que a 
fotoativaçāo, fica responsável pela polimerização das camadas mais profundas. Além 
disso, a reação de fotoativação ocorre mais rapidamente, o que pode limitar o 
movimento das cadeia poliméricas, dificultando assim a posterior polimerização química 
(mais lenta), Isso resulta em um menor grau de conversão e conseqüente alteração das 
propriedades mecânicas (Peutzfeldt et al. 2004),  que pode gerar, desse modo, menor 
resistência, mas nāo invalida clinicamente a utilização desse material.  
  Além disso, por ser um material com baixo conteúdo de carga inorgânica (49% 
em volume), quando comparado a outros matériais, ele apresentou valores para KHN 
mais baixos do que o grupo controle e, também, uma diminuição de mais de 20% do 
valor encontrado na superfície do material, o que éconsiderado clinicamente inaceitável, 
pois a avaliação da razão entre base e topo da restauração em testes de KHN resulta 
em uma reação linear com o grau de conversao do material independentemente do 
tamanho e concentração da partícula de carga (Bouschlicher et al., 2004). A 
característica principal desse produto, dupla ativação, também pode estar diretamente 
relacionada com a geração de alta PSS, com a abertura de gaps na margem e com a 
diminuição dos valores de DBS, assim como a Opus Bulk Fill, devido a possível falha na 
polimerização de camadas mais profundas (Besegato et al., 2018). 
  Diferentemente dos materiais já expostos anteriormente, o Activa BioActive 
Restorative e o Equia Forte Fil, sāo compósitos que foram desenvolvidos para uma 
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proposta alternativa restauradora ao que já se encontrava no mercado. Ambos contém 
componentes resinoso e ionoméricos, que liberam fluoreto para a cavidade, com 
técnica restauradora, consideravelmente, simplificada. No entanto, o Activa BioActive 
Restorative tem como  principal característica, a liberação de íons de cálcio, fosfato e 
fluoreto para os tecido adjacentes e a cavidade oral (Kaushik et al., 2018), além de 
atuar como se “dentina artificial” em cavidades profundas. Estudos comprovam que 
existe de fato a liberação de íons (May et al., 2017;Garoushi et al., 2018) e, 
consequentemente,  proteção da integridade da margem (Owens et al., 2018) para 
evitar microinfiltração marginal. Já o Equia Forte Fil, apesar de também propor 
recarregar o meio oral com íons, o que de fato chama mais atençāo em sua proposta é 
o de ser um material híbrido, consideravelmente mais resistente do que outros já 
comercializados. Isso ocorre devido ao ácido poliacrílico de maior peso molecular 
(disponível em: http://www.gcamerica.com/products/operatory/EQUIA_Forte/). 
  Em comparaçāo com os resultados previamente demonstrados nesse estudo, 
assim como a Opus Bulk Fill, o Activa BioActive Restorative também apresentou 
diminuição dos valores obtidos para BFS com o aumento da profundidade, sendo que a 
razão entre a camada mais profunda (4mm) e a mais superficial (0,5mm) resultou em 
menos de 80%. Já o Equia apresentou os menores valores, principalmente devido à 
grande porosidade desse material, que o deixa mais friável, no entanto, os valores nāo 
diminuíram apesar do aumento da profundidade. Porém a KHN para esse material foi 
estatisticamente similar ao grupo controle, o que está, provavelmente, relacionado com 
o tamanho e disposição das partículas de vidro presentes na composição. O Activa 
BioActive Restorative, como possui pouca carga inorgânica em sua formulaçāo (56% 
em peso), quando comparado aos outros materiais, teve as médias mais baixas em 
todas as profundidades avaliadas (Alrahlah et al., 2018). 
  Como são materiais consideravelmente remineralizadores, outra análise 
importante é a respeito da PSS e abertura de fendas na interface dente-restauração. O 
Equia Forte Fil foi o material que apresentou os menores valores para PSS, por possuir 
em sua composição pouca matriz orgânica resinosa, no entanto, por ter baixa interação 
com a estrutura cavitária (fabricante não indica a utilização de agente de união) foi o 
material que mais abriu fendas na interface dente-restauração. Já o Activa BioActive 
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Restorative apesentou valores médios de PSS, estatisticamente similar aos materiais 
Opus Bulk Fill, Tetric Evoceram Bulk Fill e o grupo controle, Filtek Supreme Ultra. 
Ambos materiais apresentaram os valores mais baixos de DBS, no entando essa média 
permaneceu sem alteração estatística após um ano de armazenamento, assim como o 
compósito Tetric EvoCeram Bulk Fill.  
  Por fim, já existem na literatura alguns estudos a respeito desses materiais, mas 
o aprofundamento do conhecimento a respeito desses compósitos de nova geração é 
necessário para que haja a avaliação de sua capacidade de polimerizar 
adequadamente um incremento de 4mm, de evitar a microinfiltração e ter boa 
longevivade em meio oral (Lima et al., 2018). Sendo assim, o intuito esse estudo foi o 
de enriquecer ainda mais o meio científico com informações sobre as diferentes 
formulações desses compósitos, para que, desse modo, a tecnologia odontológica 
continue avançando no sentido de criar materiais com propriedades ideias, ou que, 
pelos menos preencham a maioria dos requisitos para que sejam adequadamente 
empregados clinicamente. 
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4  CONCLUSĀO 
 
A partir dos resultados obtidos dos artigos que compõe a presente dissertação, é 
possível concluir que: 
 A profundidade pode afetar a BFS e a KHN de materiais restauradores do tipo bulk-
fill, mas os resultados dependem da composiçāo do produto. Para tais compósitos, 
a redução da espessura de incremento é indicada. 
 
 A profundidade não influenciou a BFS e a KHN para o material convencional, uma 
vez que foi colocado de forma incremental.  
 
 O compósito convencional e o material híbrido (Equia Forte Fill,), respectivamente, 
apresentaram os maiores e menores valores de BFS independentemente da 
profundidade, além disso, apresentaram maiores KHN para todas as profundidades 
quando comparados com outros materiais do tipo bulk-fill. 
 
 O material híbrido (Equia Forte Fil) apesar da orientação do fabricante de não 
necessitar da utilizaçāo de sistema adesivo, apresentou alta taxa de desaptação 
interna na cavidade (IAG). 
 
 O compósito Opus Bulk Fill nāo apresentou valores inferiores de BFS e KHN, 
mesmo com aDBS reduzindo após um ano de armazenamento. 
 
 O material de dupla ativaçāo, Fill-Up! , apresentou altos valores para PSS e IAG e 
reduçao da KHN com o aumento da proundidade cavitária. 
 
 O material bioativo e o híbrido de ionômero de vidro modificado por resina 
apresentaram baixos valores de DBSquando comparado ao convencional após 24 
horas de armazenamento; no entando, os valores não alteraram estisticamente 
após um ano, como observado para o materialconvencional. 
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